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(54) Method and apparatus for recording data on optical recording medium 



(57) Provided are an improved recording method 
and apparatus adequate for high density and high re- 
cording speed of an optical disc. A mark and a space 
are formed by radiating a laser signal corresponding to 
a recording pulse having a peak level and a bias level 
onto an optical recording medium (810) using the re- 



cording pulse comprising a fine adjustment pulse with 
an amplitude less than the peak level and overlapped 
on the peak level and the bias level. By applying the fine 
adjustment pulse to a peak level or a bias level, the dis- 
tortion of marks due to thermal interference between ad- 
jacent marks and thermal accumulation is suppressed 
during recording. 
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Description 

[0001] The present invention relates to methods and 
apparatus for recording data on an optical recording me- 
dium. 

[0002] Recording data on an optical disc means to 
form marks and spaces on a spatial track formed on the 
optical disc. A mark is formed as a pit in a read-only disc 
such as a Compact Disc-Read Only Memory (CD-ROM) 
and a Digital Versatile Disc-Read Only Memory 
(DVD-ROM). In a recordable disc such as a CD-R/RW 
and a D VD-R/RW/RAM , a mark is formed by radiating 
a laser signal on a phase-change recording film, which 
changes into a crystal phase or an amorphous phase 
according to the temperature level, or a recording film 
coated with an organic pigment whose light transmissiv- 
ity changes according to the temperature level. 
[0003] In terms of signal detection, methods for re- 
cording data on an optical disc can be divided into a 
mark edge recording method an a mark position record- 
ing method. According to the mark position recording 
method, the polarity of a detected radio frequency (RF) 
signal changes into an opposite polarity at a location at 
which a mark is recorded. According to the mark edge 
recording method, the polarity of a detected RF signal 
changes into an opposite polarity at both edges of a 
mark. Therefore, recording they edges of a mark is an 
important factor in improving the quality of a reproducing 
signal. 

[0004] However, in a disc coated with a phase-chang- 
ing film, it is shown that the shape of a trailing edge of 
a mark that is recorded according to a conventional re- 
cording method varies with the length of the mark or an 
interval between marks, i.e., a space therebetween. 
That is, when the trailing edge of a mark is formed great- 
er than the leading edge of the mark, the recording and 
reproducing characteristics degrade. When a recording 
mark is relatively long, the characteristics degrade more 
due also to thermal accumulation. This phenomenon is 
referred to as a tear drop and influences very much the 
jitter characteristic of a recording signal. 
[0005] In the meantime, recording data on an optical 
disc is influenced by the recording speed. Nowadays, 
CD-Rs supporting 24x speed have appeared on the 
market, and DVDs supporting 4x speed are expected 
soon. 

[0006] An increase of the recording speed means that 
the time taken to form marks having the same length is 
shortened inversely proportional to the recording speed. 
Accordingly, a high-power laser diode or an improved 
recording pulse is required. 

[0007] Recording data on an optical disc Is also influ- 
enced by a high recording density. Researches on this 
topic has led to 4.7 Gbyte HD-DVD (in case of a single 
layer and single surface), and 23 Gbyte HD-DVD (in 
case of a single layer and single surface) and 50 Gbyte 
HD-DVD have also been Investigated. An increase of a 
recording density means that a track pitch is narrowed 
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or a minimum mark length is shortened. As a result, 
cross erase occurs or interference between marks in- 
creases. Consequently, a more elaborate recording 
control is desired. 
s [0008] It is an aim of preferred embodiments of the 
present invention to provide a method and apparatus for 
recording data using a recording waveform which is ad- 
equate for high speed and high density discs and which 
can suppress distortion of a recording mark so as to im- 
prove jitter characteristics. 

[0009] According to the present invention, there is 
provided a method of forming a mark and a space by 
radiating a laser signal corresponding to a recording 
pulse having a peak level and a bias level, onto an op- 
tical recording medium, the method comprising forming 
the mark and space using the recording pulse compris- 
ing a fine adjustment pulse with an amplitude less than 
the peak level and overlapping the peak level and the 
bias level. 

[0010] Preferably, the waveform, amplitude, and/or 
period of the fine adjustment pulse are determined ac- 
cording to the optical recording medium. 
[0011] Preferably, the fine adjustment pulse is over- 
lapped except in an overdrive interval or first pulse in- 
terval of the recording pulse. 

[0012] Preferably, the number of pulses constituting 
the fine adjustment pulse is equal to or less than "n" 
when the interval of the peak level or bias level is nT, 
wherein n n n is an integer greater than or equal to 1 . 
[0013] Preferably, the fine adjustment pulse is over- 
lapped on the bias level. 

[0014] According to the present invention in a second 
aspect, there is provided a method of forming a mark 
and a space by radiating a laser signal corresponding 
to a recording pulse having a peak level and a bias level 
onto an optical recording medium, the method compris- 
ing: determining a reference level to which a fine adjust- 
ment pulse is to be applied according to a rewritable or 
recordable type of the optical recording medium; deter- 
mining a level, i.e., an overlapping level, on which the 
fine adjustment pulse is to be overlapped; determining 
a waveform and amplitude of the fine adjustment pulse; 
generating a recording pulse by overlapping the fine ad- 
justment pulse having the determined waveform and 
amplitude on the overlapping level on the basis of the 
reference level; and forming a mark and a space on the 
optical recording medium using the recording pulse. 
[0015] Preferably, the reference level is one among 
the peak level and the bias level. 
[0016] Preferably, the waveform of the fine adjust- 
ment pulse is led by one among a positive pulse and a 
negative pulse. 

[0017] According to the present invention in a third as- 
pect, there is provided an optical recording apparatus 
for forming a mark and a space by radiating a laser sig- 
nal corresponding to a recording pulse having a peak 
level and a bias level onto an optical recording medium, 
the optical recording apparatus comprising: a recording 
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pulse generator which generates the recording pulse by 
overlapping a fine adjustment puise with an amplitude 
less than the peak level on the peak level and the bias 
level, and a laser diode for generating the laser signal 
according to the recording pulse generated by the re- 
cording pulse generator. 

[0018] The present invention will become more ap- 
parent by describing in detail preferred embodiments 
thereof, by way of example only, with reference to the 
attached drawings in which: 

Figure 1 is a diagram showing recording pulses ac- 
cording to conventional recording methods; 

Figure 2 is a detailed diagram of recording pulses 
used to record data on a Digital Versatile Disc-Ran- 
dom Access Memory (DVD-RAM); 

Figure 3 is a diagram illustrating the relationship be- 
tween a domain formed on a disc and a recording 
pulse; 

Figure 4 is a diagram showing examples of record- 
ing pulses generated by a method of generating a 
recording waveform according to an embodiment of 
the present invention; 

Figure 5 is a diagram showing examples of wave- 
forms of fine adjustment pulses according to the 
present invention; 

Figure 6 is a diagram showing the relationships be- 
tween a fine adjustment pulse and a reference level 
according to the present invention; 

Figure 7 is a flowchart of a recording method ac- 
cording to an embodiment of the present invention; 
and 

Figure 8 is a block diagram of a recording apparatus 
according to an embodiment of the present inven- 
tion. 

[0019] Hereinafter, the structure and operation of the 
present invention will be described in detail with refer- 
ence to the attached drawings. 

[0020] Figure 1 Is a diagram showing recording puls- 
es according to conventional recording methods. Figure 
1 shows various recording pulses (b) through (g) used 
to record 6T and 8T Non Return to Zero Inverted (NRZI) 
data (a). The recording pulse (b) is for a CD-RW type 
(phase-change disc). The recording pulses (c) and (d) 
are for CD-RW types 1 and 2 (organic pigment discs), 
respectively. The recording pulse (e) is for a DVD-RAM 
type. The recording pulse (0 is for a DVD-R type. The 
recording pulse (g) is for a new DVD-R type. Here, T 
indicates the period of a reference clock. 
[0021] As is seen from the waveform (d) shown in Fig- 



ure 1, the CD-RW type 2 has an overdrive interval 
(Tbverdrive: Tod) as compared to the CD-RW type 1 . 
The Tod changes a little above or below 1 .5T and has 
a level changing about 20% above or below a peak level. 
s As is seen from the waveform (g) shown in Figure 1 , the 
new DVD-R type has two overdrive intervals Tod 1 and 
Tod 2 . 

[0022] According to a mark edge recording method, 
a high level of NRZI data is recorded as a mark and a 
10 low level thereof is formed as a space. In order to form 
a domain (which is a concept corresponding to a mark 
and is an area in which a crystal phase is formed on a 
phase-change disc) on a phase-change optical disc, a 
multi-pulse, as shown in the interval A of the waveform 
*s (e) shown in Figure 1 , is used. Here, the power level of 
the multi-pulse is adjusted to one of four levels, i.e., 
Ppeak, Pb1, Pb2, and Pb3. 

[0023] The multi-pulse is used for a phase-change op- 
tical disc in order to prevent a domain from being dis- 
torted in the radial or tangential direction of the disc due 
to thermal accumulation. 

[0024] In order to form a domain in an organic pigment 
optical disc, a single pulse, as shown in the interval A of 
the waveform (d) shown in Figure 1 , is used. The power 
level of the single pulse is adjusted to one of three levels, 
i.e., Powerdrive, Ppeak, and Pbias. 
[0025] However, as the time taken to form a recording 
mark is shortened with an increase of the recording 
speed, a single pulse may be used for a phase-change 
optical disc like for an organic pigment optical disc. 
[0026] Figure 2 is a detailed diagram of recording 
pulses used to record data on a DVD-RAM. According 
to the 2.6 Gbyte DVD-RAM standard, a recording pulse 
for forming a marie is composed of a first pulse, a multi- 
pulse chain, a last pulse, and a cooling pulse. According 
to the length of a recording mark, the number of pulses 
in the multi-pulse chain changes while the first and last 
pulses are maintained. The power level of a recording 
pulse changes among four levels, i.e., a peak (Ppeak), 
a power of biasl or erase (Pb1), a power of bias2 or 
cooling (Pb2), and a power of bias3 or bottom (Pb3). 
[0027] The first pulse corresponding to the interval A 
shown in Figure 2 is provided to form a leading edge of 
a recording mark. The first pulse has the Ppeak level. 
The Ppeak level corresponds to the power of a laser sig- 
nal for forming a proper temperature to convert the 
phase-change recording film to a liquid phase. The in- 
terval in which the first pulse is applied is denoted by 
Ttop. 

[0028] The multi-pulse chain corresponding to the in- 
terval B shown in Figure 2 is inserted between the first 
pulse and the last pulse. The multi-pulse chain is pro- 
vided to reduce non-uniformity caused by thermal accu- 
mulation in the mark and is composed of a plurality of 
pulses. The number of pulses varies with the length of 
the mark. The multi-pulse chain has the Ppeak level and 
the Pb3 level (or the bottom level). The Pb3 level corre- 
sponds to the power of a laser signal for forming a proper 
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temperature to convert the phase-change recording film 
to a crystal phase and is similar to a reproducing power 
level of a usual laser signal or lower. 
[0029] The last pulse corresponding to the interval C 
shown in Figure 2 is provided to form a trailing edge of 
the recording mark. Like the first pulse, the last pulse 
has the Ppeak level. 

[0030] Thecooling pulsecorrespondingtothe interval 
D shown in Figure 2 follows the last pulse and is provid- 
ed to prevent the recording mark from becoming too 
long. Thecooling pulse has the Pb2 level (or the cooling 
level). The Pb2 level is set between the Pb1 level and 
the Pb3 level. 

[0031] An erase pulse corresponding to the interval E 
shown in Figure 2 is provided to form a space. The erase 
pulse has the Pb1 level. The Pb1 level corresponds to 
the power of a laser signal for forming a proper temper- 
ature to convert the phase-change recording film to an 
amorphous state. 

[0032] Figure 3 is a diagram illustrating the relation- 
ship between a domain formed on a disc and a recording 
pulse. Figure 3(a) shows an NRZI signal, Figure 3(b) 
shows the shape of a domain formed on a disc, and Fig- 
ures 3(c) and 3(d) show recording pulses. 
[0033] Digital information is recorded on a phase- 
change optical disc according to a crystal/amorphous 
phase of a recording film. A laser diode is used to apply 
heat. A recording film is converted to an amorphous 
phase (or an erase phase) at about 300EC and to a liq- 
uid phase at about 600EC. 

[0034] Usually, when the temperature of a recording 
film is about 300EC, the recording film is converted to 
an erase phase in which recorded information is erased. 
When the temperature of the recording film increases to 
600 EC or over, the recording film is converted into a 
complete liquid phase. In the liquid phase, if the record- 
ing film is rapidly cooled, it is converted to a crystal 
phase. With the changing crystal and amorphous phas- 
es of a recording film, desired digital information can be 
recorded. 

[0035] Cooling may be performed by rapidly lowering 
the power of a laser beam in case of 4.7 Gbyte 
DVD- RAM or by cutting off the power of a laser beam in 
case of 2.6 Gbyte DVD-RAM. Here, a recording film is 
spontaneously cooled through a substrate supporting 
the recording film. 

[0036] By applying an intermittent recording pulse, as 
shown in Figure 3(c), to a phase-change optical disc, a 
smooth domain can be obtained, as defined by the solid 
line in Figure 3(b). In otherwords, thermal accumulation 
is restrained by intermittently applying a laser signal 
having the Ppeak level for the body portion of the do- 
main so that the domain is prevented from widening. 
[0037] If the recording pulse shown in Figure 3(d) is 
applied to the phase-change optical disc, a distorted do- 
main is obtained, as defined by the dotted line in Figure 
3(b), due to thermal accumulation. The domain defined 
by the dotted line in Figure 3(b) causes cross-talk be- 



tween adjacent tracks or jitter between adjacent marks 
to occur. 

[0038] Since an organic pigment optical disc requires 
higher recording power than a phase-change optical 

5 disc, the recording pulse shown in Figure 3(d) is used. 
[0039] However, with an increase of integration den- 
sity and recording speed, it is difficult to obtain satisfac- 
tory recording quality with conventional recording puls- 
es. As integration density increases, a minimum record - 

10 ing length is shortened. As the recording speed increas- 
es, the time for forming marks having the same length 
is shortened. In other words, when integration density 
or recording speed increases, a clock period is short- 
ened, and the length (in terms of time) of a multi-pulse 

15 having afunctional relation to the clock period T is short- 
ened as well. Consequently, but a single pulse is used 
actually and not a multi-pulse. It has been actually dis- 
cussed to use a single pulse instead of a multi-pulse for 
DVD-R type shown in Figure 1 (f). This problem also oc- 

20 curs in an organic pigment optical disc using a single 
pulse. In other words, since a laser signal cannot be in- 
termittently applied when a single pulse is used, a tear 
drop phenomenon, in which the domain defined by the 
dotted line in Figure 3(b) is formed, occurs. 

25 [0040] To aim to address the problem, a recording 
method according to preferred embodiments the 
present invention uses a recording pulse in which a fine 
adjustment pulse is applied to a peak level or a bias lev- 
el. The number of fine adjustment pulses is determined 

30 in accordance with the length of a mark to be recorded. 
[0041] The waveform, amplitude, and period of a fine 
adjustment pulse vary with the media type. The top lev- 
el, center level, and bottom level of a fine adjustment 
pulse can be adjusted with reference to a reference lev- 

35 el. The reference level may be a peak level or a bias 
level. The bias level may be a biast level (an erase lev- 
el), a bias2 level (a cooling level), or a bias3 level (a 
bottom level). 

[0042] When the fine adjustment pulse is applied to 

40 the peak level, the power of a laser signal slightly chang- 
es according to the amplitude, waveform, and period of 
the fine adjustment pulse in a body portion of a domain, 
thereby preventing thermal accumulation. Accordingly, 
a smooth domain can be formed. Consequently, inter- 

45 ference between adjacent tracks is decreased. 

[0043] When the fine adjustment pulse is applied to 
the erase level, the power of a laser signal slightly 
changes according to the amplitude, waveform, and pe- 
riod of the fine adjustment pulse at a domain to be 

50 erased, thereby preventing thermal accumulation. Ac- 
cordingly, the trace of erasure is prevented from remain- 
ing in the area of the erased domain. As a result, re- 
recording can be easily performed, thereby increasing 
recording quality, and the number of re-recordings in- 

55 creases. 

[0044] Figure 4 is a diagram showing examples of re- 
cording pulses generated by a method of generating a 
recording waveform according to an embodiment of the 
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present invention. Figure 4 shows various recording 
waveforms (b) through (g) for recording NRZI data (a). 
[0045] In the pulse (b), a fine adjustment pulse is ap- 
plied to an erase level of a CD-RW. In the waveform (c), 
a fine adjusted pulse is applied to a peak level of a 
CD-RW type 1 . In the waveform (d), a fine adjustment 
pufse is applied to a peak level and bias level of a 
CD-RW type 2. In the waveform (e), a fine adjustment 
pulse is applied to an erase level of a DVD-RAM. In the 
waveform (f), a fine adjustment pulse is applied to a bias 
level of a DVD-R. in the waveform (g), a fine adjustment 
pulse is applied to a peak level of a new DVD-R type. 
[0046] In the waveform (b) shown in Figure 4, a fine 
adjustment pulse is overlapped on the erase level (Pb1 
level) unlike the waveform (b) shown in Figure 1 . Here, 
the amplitude of the fine adjustment pulse is lower than 
the peak level (Ppeak level), and the period thereof is 
1T. In addition, the number of pulses constituting the fine 
adjustment pulse is "n" (which is an integer greater than 
or equal to 1) when the length of an interval in which the 
erase level is applied is nT. 

[0047] In the waveform (c) shown in Figure 4, a fine 
adjustment pulse is overlapped on the peak level unlike 
the waveform (c) shown in Figure 1 . Here, the amplitude 
of the fine adjustment pulse is lower than the peak level, 
and the period thereof is 1T. In addition, the number of 
pulses constituting the fine adjustment pulse is "n" when 
the length of an interval in which the peak level is applied 
is nT. 

[0048] In the waveform (d) shown in Figure 4, a fine 
adjustment pulse is overlapped on the peak level and 
the bias level (Pb level) unlike the waveform (d) shown 
in Figure 1. Here, the amplitude of the fine adjustment 
pulse is lower than the peak level, and the period thereof 
is 1T. In addition, even if the fine adjustment pulse is 
overlapped on the peak level (Pb level), a maximum val- 
ue of the fine adjustment pulse is lower than an over- 
drive level Pod. The fine adjustment pulse is applied to 
the peak level except an overdrive interval Tod. The 
number of pulses constituting the fine adjustment pulse 
is ,l n" when the length of an interval in which the erase 
level is applied is nT. In an interval in which a bias level 
(Pb2 level) is applied, only a top portion of the fine ad- 
justment pulse is shown because a bias level (Pb level) 
that is a reference level is set as a center level of the 
fine adjustment pulse. Just as the fine adjustment pulse 
is applied to the peak level except the overdrive interval 
Tod in the waveform (d) shown in Figure 4, it is prefer- 
able to overlap the fine adjustment pulse on the peak 
level and not to apply the fine adjustment pulse in the 
first pulse interval in a CD-RW. 
[0049] In the waveform (e) shown in Figure 4, a fine 
adjustment pulse is overlapped on the erase level unlike 
the waveform (e) shown in Figure 1 . Here, the amplitude 
of the fine adjustment pulse is lower than the peak level, 
and the period thereof is 1T. In addition, the number of 
pulses constituting the fine adjustment pulse is "n" when 
the length of an interval in which the erase level is ap- 



plied is nT 

[0050] In the waveform (f) shown in Figure 4, a fine 
adjustment pulse is overlapped on the peak level and 
the bias level (Pb level) unlike the waveform (f) shown 
s in Figure 1 . Here, the amplitude of the fine adjustment 
pulse is lowerthan the peak level, and the period thereof 
is 1T In an interval in which the bias level (Pb2 level) is 
applied, only top portion of the fine adjustment pulse is 
shown because the bias level (Pb level) which is a ref- 
10 erence level is set as a center level of the fine adjust- 
ment pulse. The number of pulses constituting the fine 
adjustment pulse is "n M when the length of an interval in 
which the bias level (Pb2 level) is applied is nT. 
[0051] In the waveform (g) shown in Figure 4, a fine 
is adjustment pulse is overlapped on the peak level and 
the bias level (Pb level) unlike the waveform (g) shown 
in Figure 1. Here, the amplitude of the fine adjustment 
pulse is lowerthan the peak level, and the period thereof 
is 1T. In addition, even if the fine adjustment pulse is 
overlapped on the peak level (Pb level), a maximum val- 
ue of the fine adjustment pulse is lower than an over- 
drive level Pod. The fine adjustment pulse is applied to 
the peak level except overdrive intervals Tod 1 and Tod 2 . 
The number of pulses constituting the fine adjustment 
pulse is less than "n" when the length of an interval in 
which the peak level is applied is nT 
[0052] Figure 5 is a diagram showing examples of 
waveforms of fine adjustment pulses according to pre- 
ferred embodiments of the present invention. Referring 
to Figure 5, the fine adjustment pulses are divided into 
on-start types, off-start types, and 1 .5Tw types. An on- 
start type is a binary pulse having a positive leading 
pulse. An off-start type is a binary pulse having a nega- 
tive leading pulse. A 1 .5Tw type is a trinary pulse having 
a period of 1 .5T. The on-start type can be applied to me- 
dia for which the peak level must be applied to a leading 
edge. The off-start type can be applied to media for 
which the peak level must be applied some time after a 
leading edge. Accordingly, the waveform of a fine ad- 
justment pulse is determined according to a media type. 
[0053] Figure 6 is a diagram showing the relationships 
between a fine adjustment pulse and a reference level 
according to an embodiment of the present invention. 
Figure 6 shows examples in which a peak level is used 
as a reference level. In Figure 6(a), an overlapping level 
is used as the center of a fine adjustment pulse. In Fig- 
ure 6(b), an overlapping level is used as the bottom of 
a fine adjustment pulse. In Figure 6(c), an overlapping 
level is used as the top of a fine adjustment pulse. 
[0054] Here, the overlapping level is a level, on which 
a fine adjustment pulse is overlapped, and corresponds 
to one of the center, top, and bottom of the fine adjust- 
ment pulse. For example, if the overlapping level corre- 
sponds to the center, the center level of the fine adjust- 
ment pulse is equal to the reference level. 
[0055] Figure 7 is a flowchart of a recording method 
according to an embodiment of the present invention. It 
is determined whether to use a fine adjustment pulse in 
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step S700. If it is determined to use a fine adjustment 
pulse, a reference level to which the fine adjustment 
pulse is to be applied is determined according to a media 
type (i.e., a rewritable or recordable type) in step S702. 
The reference level is a peak level or bias level. Prefer- 
ably, the bias level is an erase level or a bottom level. 
Next, a level (an overlapping level) on which the fine ad- 
justment pulse is to be overlapped is determined in step 
S704. Next, the waveform, amplitude and period of the 
fine adjustment pulse are determined in step S706. 
Next, a recording pulse is generated based on the ref- 
erence level, the overlapping level, and the waveform 
that have been determined in steps S702 through S706 
in step S708. Next, a mark or space is formed using the 
recording pulse including a fine adjustment pulse in step 
S710. 

[0056] Figure 8 is a block diagram of a recording ap- 
paratus according to an embodiment of the present in- 
vention. Referring to Figure 8, the recording apparatus 
includes a controller 802, a recording pulse generator 
804, a laser diode driver 806, and a laser diode 808. In 
the recording apparatus shown in Figure 8, devices that 
are not related to a recording pulse are omitted to sim- 
plify the description. The devices include a servo con- 
troller for controlling tracking and focusing and an optical 
pickup driven by the servo controller and provided with 
the laser diode 808. These devices are well known to 
those skilled in the art. 

[0057] The recording film characteristics and heat 
transmission characteristics of media are different de- 
pending on the media manufacturers. It is difficult for the 
recording apparatus to research the media characteris- 
tics and appropriately control recording characteristics 
to the media characteristics. Accordingly, each manu- 
facturer records media information in a lead-in area or 
lead-out area of a disc. 

[0058] If an optical disc 81 0 is loaded in the recording 
apparatus, the recording apparatus reads media infor- 
mation recorded in a lead-in area or lead-out area of the 
optical disc 810 in order to find out a media type and 
power levels appropriate to the media. The media infor- 
mation is provided to the controller 802. 
[0059] The controller 802 controls recording pulse 
generation performed by the recording pulse generator 
804 according to the method shown in Figure 7. Partic- 
ularly, the controller 802 applies control commands for 
controlling the waveform of a fine adjustment pulse, an 
overlapping level, and a reference level to the recording 
pulse generator 804. 

[0060] More specifically, the controller 802 receives 
the media information from, for example, a microproc- 
essor controlling the recording apparatus and deter- 
mines the reference level to which a fine adjustment 
pulse is to be applied, the overlapping level on which 
the fine adjustment pulse is to be overlapped, and the 
waveform, amplitude and period of the fine adjustment 
pulse according to the media type. The controller 802 
generates the control commands for transmitting the de- 



termined reference level, overlapping level, waveform, 
amplitude and period to the recording pulse generator 
804. 

[0061] The recording pulse generator 804 generates 
s a recording pulse which is proper to the loaded optical 
disc 81 0, as shown in Figure 5, according to NRZI data 
and the control commands of the controller 802. Here, 
data applied to the recording pulse generator 804 com- 
plies with a modulation mode used in the recording ap- 
paratus. The data may be NRZI data or run length lim- 
ited (RLL) data. 

[0062] The recording pulse generated by the record- 
ing pulse generator is input into the laser diode driver 
806. The laser diode driver 806 controls the laser diode 
808 to output a laser signal corresponding to the record- 
ing pulse. A laser signal generated from the laser diode 
808 is radiated on the optical disc 81 0 and forms a mark 
and space corresponding to the NRZI data. 
[0063] According to a recording method of embodi- 
ments of the present invention, a fine adjustment pulse 
is applied to a peak level or a bias level, thereby sup- 
pressing the distortion of marks due to thermal interfer- 
ence between adjacent marks and thermal accumula- 
tion during recording. 

[0064] The reader's attention is directed to ail papers 
and documents which are filed concurrently with or pre- 
vious to this specification in connection with this appli- 
cation and which are open to public inspection with this 
specification, and the contents of all such papers and 
documents are incorpo rated herein by reference. 
[0065] All of the features disclosed in this specifica- 
tion (including any accompanying claims, abstract and 
drawings), and/or all of the steps of any method or proc- 
ess so disclosed, may be combined in any combination, 
except combinations where at least some of such fea- 
tures and/or steps are mutually exclusive. 
[0066] Each feature disclosed in this specification (in- 
cluding any accompanying claims, abstract and draw- 
ings), may be replaced by alternative features serving 
the same, equivalent or similar purpose, unless ex- 
pressly stated otherwise. Thus, unless expressly stated 
otherwise, each feature disclosed is one example only 
of a generic series of equivalent or similar features. 
[0067] The invention is not restricted to the details of 
the foregoing embodiment(s). The invention extends to 
any novel one, or any novel combination, of the features 
disclosed in this specification (including any accompa- 
nying claims, abstract and drawings), or to any novel 
one, or any novel combination, of the steps of any meth- 
od or process so disclosed. 



Claims 

1 . A method of forming a mark and a space by radiat- 
ing a laser signal corresponding to a recording 
pulse having a peak level and a bias level onto an 
optical recording medium, the method comprising 
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forming the mark and space using the recording 
pulse comprising a fine adjustment pulse with an 
amplitude less than the peak level and overlapping 
the peak level. 

The method of claim 1 , wherein a waveform of the 
fine adjustment pulse is determined according to 
the optical recording medium (810). 

The method of claim 1 or claim 2, wherein a period 
or amplitude of the fine adjustment pulse is deter- 
mined according to the optical recording medium 
(810). 

The method of any preceding claim, wherein the 
fine adjustment pulse is overlapped except in an 
overdrive interval or first pulse interval of the record- 
ing pulse. 

The method of any preceding claim, wherein the 
number of pulses constituting the fine adjustment 
pulse is equal to or less than "n" when the Interval 
of the peak level or bias level is nT, wherein "n" is 
an integer greater than or equal to 1 . 

The method of any preceding claim, wherein the 
fine adjustment pulse is overlapped on the bias lev- 
el. 
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9. The method of claim 6 or claim 7, wherein the wave- 
form of the fine adjustment pulse is led by one 
among a positive pulse and a negative pulse. 

10. An optical recording apparatus for forming a mark 
and a space by radiating a laser signal correspond- 
ing to a recording pulse having a peak level and a 
bias level onto an optical recording medium (810), 
the optical recording apparatus comprising: 

a recording pulse generator (804) which gener- 
ates the recording pulse by overlapping a fine 
adjustment pulse with an amplitude less than 
the peak level on the peak level and the bias 
level; and 

a laser diode (808) which generates the laser 
signal according to the recording pulse gener- 
ated by the recording pulse generator (804). 



7. A method of forming a mark and a space by radiat- 
ing a lasers signal corresponding to a recording 
pulse having a peak level and a bias level onto an 
optical recording medium (810), the method com- 
prising: 

determining a reference level to which a fine ad- 
justment pulse is to be applied according to a 
rewritable or recordable type of the optical re- 
cording medium; 

determining a level, i.e., an overlapping level, 
on which the fine adjustment pulse is to be over- 
lapped; 

determining a waveform and amplitude of the 
fine adjustment pulse; 
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generating a recording pulse by overlapping 
the fine adjustment pulse having the deter- 
mined waveform and amplitude on the overlap- 
ping level on the basis of the reference levei; 
and 
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8. 



forming a mark and a space on the optical re- 
cording medium using the recording pulse. 

The method of claim 6, wherein the reference level 
is one among the peak level and the bias level. 
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FIG. 1 (PRIOR ART) 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG. 6 
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FIG. 7 
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FIG. 8 
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